
This is a version of a publication

in

Please cite the publication as follows:

DOI:

Copyright of the original publication:

This is a parallel published version of an original publication.
This version can differ from the original published article.

published by



 

 

Challenges in the Environmentally Sustainable Aviation Ecosystem 
 
Heini Noronen-Juhola, Risto Soukka, Kaisa Grönman 
 

Abstract 
 
Air transport serves as a fundamental driver of global economic growth, playing a pivotal role in 
generating employment opportunities, fostering international trade, fueling the tourism industry, 
and underpinning sustainable development on a global scale. It serves as a conduit for global 
connectivity and a catalyst for both social and economic prosperity. However, amid these manifold 
benefits, the aviation sector faces substantial challenges, the most significant of which is the carbon 
dioxide (CO2) emissions produced by fossil jet fuels. 
 
Despite accounting for a relatively modest 2-3% of global carbon emissions, the aviation industry 
faces a discouraging trajectory, with emissions projected to escalate dramatically, potentially 
reaching as high as 22%-30% by mid-century due to the industry's growth. 
 
This chapter examines the intricate challenges surrounding the pursuit of environmental 
sustainability within the aviation ecosystem, with a particular focus on the CO2 emissions originating 
from flight operations. While the aviation industry often spotlights airlines and their operations, it is 
essential to recognize the multitude of companies and stakeholders intricately involved in aviation 
activities. Key stakeholders encompass airports, ground handling companies, air navigation service 
providers, and regulatory authorities. The interplay among these entities significantly influences 
each other's success, impacting sustainability initiatives within the broader aviation ecosystem. 
 
This chapter presents an overview of the distinctive characteristics of the aviation ecosystem, 
providing insights into its current market dynamics and the evolving landscape of sustainability 
considerations. We consider the complexities of fostering an environmentally sustainable aviation 
ecosystem in the context of the challenges that must be overcome. To achieve our collective 
environmental sustainability objectives, the aviation ecosystem must establish shared goals, aligned 
action plans, and comprehensive metrics. Regulatory frameworks play a pivotal role in facilitating 
this alignment, ultimately maximizing the environmental sustainability of the aviation sector as a 
whole. 
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Introduction 
 
Air transport plays a major role in driving global economic growth through the creation of 
employment opportunities, facilitation of international trade, promotion of tourism, and support for 
sustainable development. It not only fosters global connectivity but also contributes significantly to 
social and economic prosperity (ICAO, 2019). 
 
In 2017, 1303 airlines transported four billion passengers to 3759 airports worldwide while carrying 
nearly 62 million tonnes of freight. The scale of this activity fuels the generation of 10.2 million direct 
jobs and contributes $704 billion to the global gross domestic product (GDP) (ATAG, 2018). To put 
this into perspective, this contribution equates to approximately 0.9% of the entire global GDP 
(ATAG, 2018). It's important to note that the impact of the aviation industry ripples extends beyond 
direct stakeholders, such as airlines, airports, and air navigation service providers, to indirect 
stakeholders, such as aircraft manufacturers and freight forwarders, among others. 
 
Despite its global reach and impact, the aviation industry is not immune to global phenomena. 
Events like the 9/11 attacks in the US in 2001, the 2008 financial crisis triggered by the Lehman 
Brothers bankruptcy, and the eruption of Iceland's Eyjafjallajökull volcano in 2010 have had 
significant downturn effects on aviation activities. The COVID-19 pandemic, which put the entire 
aviation industry on hold, served as a stark example of the industry’s vulnerability (Gole et al., 2021; 
Gössling and Humpe, 2020). However, the aviation sector has demonstrated resilience in the face of 
such events, with remarkable recovery, evident in the overall reduction of airline seat offerings by 
only 15% in 2022 compared to 2020, despite a substantial 60% reduction during the peak of the 
pandemic in 2020 (ICAO, 2022). 
 
Alongside its undeniable economic and social benefits, the aviation sector confronts substantial 
challenges. Foremost among these challenges is the issue of global carbon dioxide (CO2) emissions 
from fossil jet fuel. Although commercial aviation is responsible for only 2-3% of global emissions, 
the industry's growth trajectory raises concerns, with emissions estimated to potentially reach as 
high as 22%-30% by mid-century (Staples et al., 2018). 
 
This chapter aims to comprehensively outline the challenges within the environmentally sustainable 
aviation ecosystem, with a particular emphasis on CO2 emissions arising from flight operations. It is 
crucial to recognize that the aviation industry extends beyond the operations of airlines alone; it 
functions as an intricate ecosystem supported and influenced by various actors and stakeholders. In 
addition to airlines, airports, ground handling companies, air navigation service providers, and 
regulatory authorities play pivotal roles. Collaboration among these entities is essential to establish a 
successful and sustainable aviation ecosystem (ATAG, 2021). 
 
This article is grounded in a thorough literature review and is organized as follows: it begins with an 
introduction to the aviation industry, providing insights into its market dynamics and the evolving 
landscape of sustainability considerations. Next, it explores the aviation ecosystem, highlighting its 
key characteristics. This is followed by an exploration of the challenges posed by the aviation 
ecosystem, especially in terms of sustainability. The chapter culminates with a summary of the main 
findings and their significance within the context of the topic area. 
 

The Aviation Industry 
 

Characteristics and the market situation 
 



 

 

Since the post-World War II formation of the aviation industry, it has experienced remarkable 
growth. Over the years, it has weathered several setbacks, including the energy crisis of the 1970s, 
the US banking crisis in 2008, and most recently, the COVID-19 pandemic (Gole et al., 2021; IATA, 
2022a; ICAO, 2022). The industry's character can be defined as volatile, often being one of the first 
to falter during crises but also displaying remarkable resilience in its swift recovery. Each recovery 
phase has typically ushered in a steeper upward trajectory in flight volume growth over subsequent 
years. 
 
Projections indicate that the aviation industry will continue to grow significantly in the foreseeable 
future (ICAO, 2022). By 2050, it is anticipated that more than 10 billion passengers will travel by air, 
covering approximately 22 trillion kilometers each year. Although demographic shifts and population 
changes may temper growth compared to recent years, even before considering the impact of 
COVID-19, an annual growth rate of 3.1% from 2019 to 2050 is expected. This growth will be driven 
primarily by regions such as Asia-Pacific, the Middle East, Latin America, and Africa, although notable 
growth will persist in North America and Europe (ATAG, 2021). 
 
Examining growth from the perspective of aviation fuel consumption reveals another facet of this 
expansion. In 2018, international aviation consumed approximately 188 million tonnes of fuel, 
resulting in 593 million tonnes of CO2 emissions. By 2050, fuel consumption is projected to surge to 
1.9 to 2.6 times the 2018 figure, while revenue tonne kilometers (RTK) are forecasted to triple under 
the most recent estimates (ICAO, 2022). 
 
Several megatrends are influencing the industry's growth trajectories (Gössling & Humpe, 2020). 
Digitalization stands out as a significant megatrend, offering tools to enhance operational efficiency 
and overall industry performance. Additionally, factors such as an aging population, urbanization, 
and rising prosperity contribute to the expansion of travel and the aviation sector. The future of air 
traffic, particularly in China, is poised for substantial growth (Zhou et al., 2016). However, the 
imperative of environmental sustainability may temper this growth if industry environmental 
initiatives do not lead to sustainable outcomes. 
 
Current growth scenarios are contingent on how swiftly and robustly the industry rebounds from the 
COVID-19 pandemic and the potential emergence of other global economic downturns. Other 
substantial impacts may stem from the repercussions of the conflict in Ukraine, including high 
inflation and the closure of Russian airspace. 
 
Traveling and the aviation industry hold deep emotional significance for people. Airlines and airports 
often evoke strong emotions, symbolizing the beginning of holidays and adventures. Consequently, 
interest in the industry and its services is expected to remain high in the future. Notably, in Europe, 
low-cost carriers, known for ferrying passengers to vacation destinations, experienced the most 
pronounced resurgence after the COVID-19 pandemic in 2022. Their commercial performance 
rebounded to 85% compared to 2019 levels, while traditional and regional airlines registered 
comparatively lower recoveries at 75% and 74%, respectively (EUROCONTROL, 2022a). 
 

The environmental goals of the aviation industry 
 
The International Civil Aviation Organization (ICAO) has laid out an ambitious objective for the 
aviation industry: to achieve net-zero carbon dioxide (CO2) emissions by the year 2050 (ICAO, 2015; 
McCausland, 2022). This goal aligns with the broader global targets established by the United 
Nations (United Nations, 2015). In comparison to other modes of transportation, this endeavor is 
notably challenging. For instance, motorcycle transportation aims to reach net-zero emissions by 
2040, rail transportation by 2050, and small truck transportation by 2060 (Energy Agency, 2023). 



 

 

 
Major industry players like the International Air Transport Association (IATA) have not only 
embraced but also actively implemented these ambitious targets (IATA, 2021). This commitment 
necessitates that aviation-related companies align their environmental goals and work toward 
reducing their environmental footprint. 
 
To expedite progress, several aviation organizations have published plans to reach interim targets. 
For example, Eurocontrol has introduced an initiative known as Skygreen, aiming to slash aviation 
industry CO2 emissions by 55% by 2030 compared to 1990 levels (EUROCONTROL, 2022b; 
EUROCONTROL, 2022a). This substantial reduction is envisioned through a combination of 
modernizing and renewing aircraft fleets and increasing the utilization of sustainable aviation fuels. 
It's worth noting that achieving this goal may require new regulations to promote the blending of 
sustainable aviation fuels. In support of this, the European Commission approved the blending-
enhancing regulation known as ReFuelEU in 2023 (European Parliament, 2023). 
 
However, making these plans a reality hinges on unwavering industry commitment alongside 
substantial financial investments. According to Eurocontrol, the implementation of policy-driven 
decarbonization measures alone could increase airline costs by an estimated 54.8 to 62.0 billion 
euros by 2030 within the Eurocontrol member states (EUROCONTROL, 2022b). 
 
Looking ahead to 2050, the potential for electric aviation and enhanced aviation technologies holds 
promise in supporting the use of sustainable aviation fuels (SAF) to achieve net-zero targets. 
Nonetheless, this optimism is counterbalanced by projections of a 44% increase in the number of 
flights compared to the 2019 baseline, amounting to a staggering 16 million flights per year 
(EUROCONTROL, 2022b). 
 

Environmental impacts 
 
In the context of global warming potential, the aviation industry currently contributes approximately 
2% of all human-induced CO2 emissions, and within the broader transportation sector, it accounts 
for about 14% of emissions (EUROCONTROL, 2022b). The primary source of these environmental 
impacts stems from the emissions generated during flight operations. However, it's important to 
recognize that a multitude of stakeholders within the aviation ecosystem influence emissions in the 
aviation industry. 
 
Understanding and justifying these numbers, as well as exploring potential solutions, necessitates a 
comprehensive analysis of the calculation methods and system boundaries used. Typically, 
companies in the aviation sector adhere to reporting standards such as ISO 14040 and ISO 14067 
(ISO, 2022). In the European Union (EU), the Corporate Sustainability Reporting Directive (CSRD) 
came into effect in 2023 to enhance the quality of sustainability reporting (Directive 2013/34/EU and 
Directive /43/EC, as regards corporate sustainability reporting, n.d.). 
 
Environmental reports are often included as part of a company's annual reports. Consequently, 
aviation companies invest significant effort into producing these reports, which are subject to review 
by environmental professionals. However, while reporting standards provide guidelines, there is a 
degree of flexibility that allows companies to make decisions about what data and information to 
include or exclude from their sustainability reports. 
 
This emphasis on transparency and reporting standards plays a crucial role in helping stakeholders, 
including the public, investors, and regulators, understand the environmental impact of the aviation 
industry and evaluate the effectiveness of sustainability initiatives and mitigation strategies. As the 



 

 

aviation sector continues to navigate the challenges posed by climate change, these reporting 
practices will likely play an increasingly vital role in driving progress toward environmental 
sustainability goals. 
 

Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA) 
 
The International Civil Aviation Organization (ICAO) has introduced a carbon offsetting and reduction 
scheme for international aviation (CORSIA) as a comprehensive framework aimed at addressing the 
environmental impact of aviation (IATA, 2019). CORSIA represents a critical initiative designed to 
guide the aviation industry in taking actions to reduce its environmental footprint (Bauen et al., 
2022; Prussi et al., 2021). The overarching goal of CORSIA is to cap the industry's collective carbon 
dioxide (CO2) emissions at the 2020 levels, even as the aviation sector continues to grow. 
 
CORSIA provides airlines with clear guidelines and procedures for managing the calculation of their 
CO2 emissions and implementing offsetting measures. This framework seeks to establish consistency 
across the aviation industry. For instance, it defines the types of eligible fuels that can be used in 
aircraft, enabling airlines to adopt environmentally friendly fuel options and thereby reduce their 
environmental impact. CORSIA also supplies airlines with a calculation tool that assists them in 
accurately assessing their CO2 emissions. Moreover, it outlines the criteria for determining eligible 
emission units associated with various aviation fuels, which airlines can incorporate into their 
emissions calculations. 
 

Aviation ecosystem 
 
When discussing aviation, the primary focus often centers around flying and the sustainability 
challenges associated with airlines. However, it's crucial to recognize that the environmental 
sustainability of flight operations is not solely the responsibility of airlines. In fact, there is a broader 
aviation ecosystem comprised of various stakeholders, each playing a significant role in addressing 
environmental concerns and promoting sustainable practices (ICAO, 2022). 
 
Beyond the airlines, some of the most operationally relevant stakeholders within the aviation 
ecosystem include airports, gound handling companies, air navigation services, and regulators. 
 

Airlines 
 
Airlines are companies that provide transportation services for both passengers and cargo (Ko, 
2016). Their primary tool for facilitating this transportation is the aircraft. Airlines establish 
transportation agreements with passengers through airline tickets and with cargo shippers via 
formal transportation agreements. 
 
Airlines operate in various ways, including regular scheduled services and charter operations. 
Depending on market dynamics and their business strategies, airlines may enter into partnerships 
with other carriers. These partnerships can take the form of alliances or code-share agreements, 
enhancing their route networks and service offerings. 
 
To operate legally, airlines must obtain an operating certificate from the aviation authority of the 
country in which they are based. Typically, this authority also serves as an aviation safety regulator, 
ensuring compliance with stringent safety standards. 
 
The majority of environmental impacts within the aviation industry stem from aircraft operations, 
accounting for approximately 95% of aviation-related emissions (Amicarelli et al., 2021). These 



 

 

emissions primarily consist of carbon dioxide (CO2) but also include other greenhouse gases like 
ozone (O3), nitrous oxide (N2O), methane (CH4), sulfur oxides (SOX), and water vapor. 
Approximately 10% of emissions, excluding hydrocarbons and carbon monoxide, occur during the 
landing, departure, or taxiing phases. For carbon monoxide and hydrocarbons, this figure rises to 
about 30%. The remaining emissions are generated during the cruise phase of the flight. 
 
In terms of environmental sustainability reporting, airlines typically adhere to ISO standards for 
greenhouse gas accounting. Targets and guidelines for emissions calculations often align with the 
Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA), established by the 
International Civil Aviation Organization (ICAO). CORSIA has also gained approval from the 
International Air Transport Association (IATA), the industry's trade organization representing airlines 
worldwide.  
 

Airports 
 
Airports serve as aerodromes crucial for flight operations (Pacagnella et al., 2021) and often act as 
home bases for airlines. Within the airport ecosystem, various stakeholders, including ground-
handling companies and air navigation service providers, contribute to its smooth functioning. 
 
Airports are either managed by airport operating companies or supervised by aviation authorities in 
specific countries. The primary clientele for airports consists of airlines, which pay fees for utilizing 
airport infrastructure in their operations. In addition to aircraft-related facilities such as parking 
positions, runways, and taxiways, airlines also pay for passenger-related amenities and services. 
Airports play a pivotal role in overseeing and coordinating many of these flight-related operations. 
Other customers may include private aviation firms, helicopter service providers, or emergency 
aviation service providers, many of whom lease real estate from the airport. 
 
Like airlines, airports must obtain operating certificates from the aviation authorities of their 
respective countries, subject to rigorous regulations governing airport infrastructure and operations. 
Environmental impacts at airports predominantly arise from airport infrastructure and the airport's 
own operations (ACI, 2021a). Airport-related CO2 emissions account for 5% of aviation-related 
emissions (ICAO, 2022). These impacts can be mitigated through initiatives such as the adoption of 
renewable energy sources, improved insulation, energy-efficient heating and cooling systems, the 
transition to electric ground vehicles, and the use of LED-based traffic area lighting in ground 
operations. On the passenger side, promoting public transportation options for accessing and 
leaving the airport can reduce emissions. In flight-related operations, measures to reduce taxiing 
time can be implemented (ACI, 2019). 
 
Sustainability targets at airports often align with the Airport Carbon Accreditation (ACA) program, 
established by the Airports Council International (ACI), the trade organization representing airports. 
Launched in 2009, the ACA program comprises six levels, each with specific criteria and objectives to 
guide airports in their pursuit of environmental sustainability. Further details can be observed in 
Table 1. 
 

Table 1. The Airport Carbon Accreditation (ACA) program levels 
 

ACI ACA levels Status Actions 

Level 1 Mapping Footprint measurement 

Level 2 Reduction Carbon management towards a reduced carbon footprint 

Level 3 Optimization Third-party engagement in carbon footprint reduction 

Level 4 Neutrality Carbon neutrality for direct emissions by offsetting 



 

 

Level 5 Transformation Transforming airport operations and those of its business 
partners to achieve absolute emissions reductions 

Level 6 Transition Compensation for residual emissions with reliable offsets 

 
If the airport operator is a company, the environmental reporting requirements for the airports are 
typically based on the ISO standards. If the operator is an authority, an alternative reporting 
framework may apply.  
 

Air Navigation Services 
 
The management of almost all commercially used airspaces across the world falls under the 
responsibility of Air Navigation Service (ANS) operators (Dalmau, 2022). The allocation of airspaces 
among different countries is determined under the auspices of the International Civil Aviation 
Organization (ICAO). 
 
Airlines are the primary customers of ANS service providers, paying fees based on airspace usage. 
Flight routes are typically guided by air navigation services according to the filed flight plan, with 
some influence from the pilot. However, ultimate decisions are often made by air traffic controllers. 
 
When it comes to environmental reporting, ANS companies typically adhere to ISO standards, 
assuming they operate as private companies. If the ANS operator functions as a government 
authority, different reporting frameworks may apply. 
 
Environmental impacts for ANS service providers primarily stem from decisions related to flight 
routes. Airspaces may have restrictions or congestion, significantly affecting flight fuel consumption 
(Dalmau, 2022). 
 
In 2022, the air navigation service trade organization, CANSO, introduced the CANSO GreenATM 
program to promote environmental sustainability among ANS providers (CANSO, 2022). CANSO 
GreenATM is an environmental accreditation initiative that evaluates organizations based on their 
efforts to reduce emissions within their airspace and minimize their direct carbon footprint. 
 
The program comprises five levels of accreditation, each with specific criteria and goals aimed at 
recognizing and encouraging ANS providers' contributions to environmental sustainability. The levels 
of accreditation can be observed in Table 2. 
 

Table 2. The CANSO GreenATM Program levels of accreditation (CANSO, 2022) 
  

CANSO GreenATM levels Status 

Level 1 Informal arrangement 

Level 2 Defined 

Level 3 Managed 

Level 4 Assured 

Level 5 Optimized 

 
The topic areas that are reviewed in the process can be found in Table 3. 
 

Table 3. The topic areas for the CANSO GreenATM Program (CANSO 2022) 
 

Governance Infrastructure and 
utilities 

Improved Air Traffic 
Management (ATM) 

Other 



 

 

Policy and plan Energy management Flexible Use of Airspace 
(FUA) 

Sustainable 
procurement 

Environmental 
management 
system 

Power procurement 
and production 

Meteorological 
information 

Airport/community 
relations 

Environmental 
culture 

CNS flight 
rationalization 

Improved surveillance 
coverage 

Airspace change 
management  

Environmental 
targets 

CNS flight inspection Airport Collaborative 
Decision Making (A-CDM) 

Mobility 
management 

  Surface management  

  Continuous Climb 
Operation (CCO) 

 

  Continuous Descent 
Operation (CDO) 

 

  Performance Based 
Navigation (PBN) 

 

  Wake turbulence 
optimization 

 

  Trajectory optimization  

  Air Traffic Flow 
Management (ATFM) 

 

  Research and 
development 

 

 
 
The actions that focus specifically on the improved ATM directly affect flight time and fuel 
consumption. For example, the CDO operation can save up to 70% of the fuel during the arrival and 

landing phase based on the aircraft type (Errico & Di Vito, 2019). 
 

Ground Handling Services 
 
Ground handling services play a crucial role in the aviation industry, both upon arrival and before 
departure of an aircraft (Studic et al., 2017). These services are provided by specialized companies 
operating at airports and establish a critical business relationship with airlines. Their activities can 
significantly impact the overall environmental footprint of a flight. 
 
Ground handling services encompass a wide range of tasks, including fueling, aircraft maintenance, 
catering, ramp handling, check-in, gate services, arrival services, deicing, and towing. Environmental 
efforts within this sector often revolve around transitioning ground service equipment to electric 
vehicles and incorporating sustainable fuels into their operations. However, many ground handling 
operations also have a direct influence on the environmental impact of flights. Examples include 
aircraft maintenance practices and the aircraft deicing process. 
 
Environmental sustainability reporting within the ground handling industry typically adheres to ISO 
standards for environmental reporting. While there are no specific environmental programs tailored 
to this sector, the adoption of ISO standards ensures a standardized and systematic approach to 
measuring and reporting environmental performance. This consistency allows for the monitoring of 
sustainability efforts and the potential identification of areas where further environmental 
improvements can be made. 
 



 

 

Aviation authorities 
 
The entire aviation ecosystem places paramount emphasis on safety and is subject to rigorous 
regulation (ICAO, 2022). Consequently, all aviation operations and infrastructure are under the 
purview of relevant authorities, primarily aviation safety authorities. Beyond ensuring safety and 
security, regulations can also influence flight sustainability measures and environmental permits 
required by airports. 
 
Aviation-related regulations have a global scope and typically originate from ICAO. These regulations 
are then transposed into national aviation laws in various countries and enforced by national 
aviation safety authorities. In the European Union (EU), such regulations are adapted into EU-level 
directives and policies before being incorporated into the national legislation of EU member states. 
While aviation regulation has historically focused on safety and security, ICAO has long addressed 
environmental regulations, particularly regarding aircraft noise. However, the imperative of 
addressing climate change has elevated the prominence of environmental considerations within 
aviation regulation, leading to substantial growth in the environmental aspect of aviation regulation 
(ICAO, 2022). 
 
Other environmental regulations, such as corporate environmental restrictions, incentives, and 
emissions trading systems, also influence the aviation industry. In the EU, the ICAO net zero target 
aligns with initiatives like the European Green Deal scheme (European Commission, 2019), the EU 
Emissions Trading Scheme (ETS) (Efthymiou & Papatheodorou, 2019), and the Green Claims directive 
(European Commission, 2023). 
 
Tax policies are a valuable tool for promoting desired outcomes; however, their effectiveness in 
aviation can be challenging due to the international nature of the industry. Many aviation-related 
companies can easily register their businesses in countries offering favorable legislative or tax 
environments. 
 
It's worth noting that there are no specific sustainability targets or dedicated environmental 
reporting requirements established for aviation authorities. Instead, their primary role is to enforce 
and oversee compliance with existing aviation regulations and safety standards. 
 

Ecosystem design 
 
The most significant environmental impacts in the aviation industry stem from aircraft engines 
during flights, primarily attributable to the airlines. However, within the aviation ecosystem, several 
key stakeholders play essential roles in influencing aircraft engine-related CO2 emissions in addition 
to their own emissions (Corrigan et al., 2015; IATA, 2018; Okwir et al., 2017). These stakeholders 
include airports, air navigation service providers, and ground-handling companies. Local aviation 
authorities and global regulators like ICAO also play pivotal roles in establishing safety standards and 
operational boundaries. Together, these stakeholders constitute the operational aviation ecosystem, 
as depicted in the inner circle presented in Figure 1. 
 
 



 

 

 

 
Figure 1. Aviation ecosystem 

 
The stakeholders within the inner circle can influence each other in various ways. For instance, 
airports, ANS services, and GH services directly impact airline flights in multiple ways. Airlines, ANS 
services, and GH services are interdependent with airport infrastructure and services. ANS services 
play a role in determining flight routes but are also reliant on airports and the punctuality of GH 
services. The quality of GH services directly affects flight punctuality and, consequently, the 
efficiency of all airport-related operations. Aviation authorities oversee the regulatory aspects of 
operations for all stakeholders within the inner circle. 
 
In the outer circle, some stakeholders may consistently or occasionally exert an influence on those 
within the inner circle, albeit typically with an indirect operational impact. For example, business jet 
flights share the same airport infrastructure and airspace as commercial flights, potentially diverting 
operational capacity away from commercial operations due to their specific needs. Aircraft 
manufacturers design more energy-efficient aircraft, although their impact is not direct during flight 
operations. 
 
When examining this ecosystem from the perspective of flight-time interactions, the visualization 
takes the form presented in Figure 2. 
 
 



 

 

 
Figure 2. Flight-related carbon footprint with the effects from the aviation ecosystem 

 
All stakeholders within the inner circle of the aviation ecosystem exert significant influence on flight 
operations at the airport. Here's how each of them impacts these operations: 
 

• Airport Operator: The airport operator plays a pivotal role in designing airport infrastructure 
and overseeing many common processes on the apron. They can establish rules pertaining 
to safety and operational effectiveness that apply to all flights. 

 

• Ground Handling Company: Ground handling companies play a crucial role in ensuring 
efficient turnarounds, which, in turn, result in just-in-time engine operations. Their actions 
directly affect the timeliness and smoothness of airport operations. 

 

• Air Navigation Service Provider (ANSP): ANSPs control aircraft departures and arrivals, 
contributing to queueless and seamless transitions at the airport. This has a direct impact on 
aircraft fuel consumption, particularly during critical phases such as descent, climb, and 
cruise. 

 
In the air, during the cruise, descent, and climb phases, the air navigation service provider plays a 
significant role in selecting the flight path. Consequently, the ANSP, in conjunction with regulatory 
bodies, remains involved throughout the entirety of the journey, shaping the flight's trajectory and 
operational efficiency. 
 

Challenges 
 

Global industry but local laws 
 
Aviation is a global industry governed by regulations set by ICAO, which are then adopted and 
translated into national aviation laws by various countries (ICAO, 2019). However, the interpretation 
and implementation of these regulations may vary slightly from one region to another. 
Consequently, there can be variations in aviation laws from one country to another, including those 
related to environmental regulation. While ICAO establishes global regulations for environmental 
sustainability, the ultimate responsibility lies with individual countries to adapt these regulations to 
their local aviation laws (Gössling & Lyle, 2021; Kulanovic & Nordensvärd, 2021). This diversity in the 



 

 

application of regulations means that achieving a globally unified approach to environmental 
sustainability in aviation is not guaranteed. 
 

Reporting inconsistencies in the environmental impact of an international flight 
 
For an airline, measuring and reporting flight time environmental impacts are relatively 
straightforward (Amicarelli et al., 2021). However, when a flight traverses multiple countries' 
airspaces during its route, the approach to reporting CO2 emissions can vary based on the airline's 
reporting principles (ISO, 2022). 
 
In Europe, the EU ETS legislation governs emissions from flights departing from, arriving in, or 
operating within the EU, as well as Iceland, Norway, and Liechtenstein (EEA area) (Scheelhaase et al., 
2022). This framework aligns with international laws. 
 
However, for long-haul international flights that cross multiple airspaces, it becomes less clear how 
the countries overseeing those airspaces can report the associated environmental impacts 
(Efthymiou and Papatheodorou, 2019). International flights depart from one country and land in 
another, potentially passing through various countries' airspaces along the way. Additionally, the 
boundaries of airspaces controlled by different air navigation service providers may not always align 
with national borders. For instance, the United States' FAA controls a significant portion of the 
Atlantic Oceanic airspace, much of which is international airspace. 
 
While very high altitudes lack airspace ownership, the highest on-route flight level (Class E airspace) 
currently reaches 18.3 km above sea level (NASA, 2021). This restricts conventional combustion 
engine aircraft to controlled altitudes. Electric engines have the potential to operate at higher 
altitudes. Currently, upper airspace may be reserved for specific purposes like military or supersonic 
flights. The utilization of various airspace areas during a flight is illustrated in Figure 3. 
 

 
Figure 3. Flight time carbon footprint in countries along the journey 

Reporting environmental impacts based on airspace borders is a feasible approach. The global 
division of airspaces was initially established and sanctioned by the ICAO Chicago Convention in 
1944. While airspace borders often align with official country borders, there are instances, 
particularly over sea areas, where airspace control extends beyond national boundaries. 
Additionally, there are regions around the world where aircraft operate, but air traffic control 
infrastructure may be absent or limited.  
 



 

 

Non-comparable system boundaries in the corporate reporting 
 
Companies have a degree of flexibility in how they report their environmental impacts. In the ISO 
standards for environmental reporting, such as ISO 14067 (ISO, 2022), system boundaries can be 
established around the legal entity of the company or the country of the company's origin. Many 
airlines, for example, utilize subcontractors, and their reporting may focus on actions related to the 
country of the company's origin. Depending on a company's policy, they have some discretion in 
defining their reporting boundaries, which may result in actions being excluded from the 
environmental reporting within the company's borders (Zieba and Johansson, 2022). The ISO 14067 
standard for carbon footprints allows the assessment conductor to choose the system boundaries 
for reporting (Kılıç et al., 2019). This flexibility can lead to inconsistencies in environmental reports 
among different companies (Efthymiou & Papatheodorou, 2019). However, within the EU, the new 
directive for corporate sustainability reporting (CSRD) has the potential to address these issues and 
improve reporting consistency (/43/EC and Directive 2013/34/EU, as regards corporate sustainability 
reporting, n.d.). 
 

Immaturity of sustainable solutions 
 
There has been extensive discussion about how sustainable aviation fuels and electric aircraft will 
transform the nature of flying (Barke et al., 2022). When the media discusses sustainable flying, it 
often revolves around one of these two options. 
 
Sustainable aviation fuels come in various forms and are typically derived from organic materials, 
waste, or other renewable resources (Chiaramonti et al., 2021). They are the subject of ongoing 
research, and new variations are continually entering the market (Dodd & Yengin, 2021). One 
advantage is that sustainable aviation fuels can generally be used like traditional aviation fuel. 
However, there are challenges to consider (Shahriar & Khanal, 2022). Firstly, the cost of these fuels 
can be 2-4 times higher compared to traditional aviation fuels (ACI, 2021b; Brandt et al., 2022). 
Additionally, these fuels are less efficient, meaning more fuel is required for the same amount of 
flying. Secondly, the availability of sustainable aviation fuels has not yet stabilized, and at times, it 
can be challenging to obtain them at reasonable transportation costs. Thirdly, as production capacity 
increases, there may be challenges in sourcing sufficient raw materials (Bauen et al., 2020). 
 
Hydrogen is considered a promising new energy source for aviation (Kramer et al., 2022). It can be 
used in synthetic fuels and to charge batteries that store electricity. However, these solutions are 
mostly in pilot phases and are primarily suited for smaller and short-range aircraft. Battery 
technology still requires significant development before it can be applied to larger commercial 
aircraft (Scholz et al., 2022). 
 
Commercially viable solutions to support sustainable energy sources in the aviation ecosystem are 
not yet clear (ACI, 2021c; Ahmad & Xu, 2021). Given the immature state of technological solutions, 
investing in infrastructure for electric aircraft charging, for example, presents challenges. There is a 
risk of investing in solutions that may ultimately prove unsuitable. Determining the payback time 
and creating a viable business case for these emerging solutions poses a business risk that the 
ecosystem may be hesitant to undertake (Scholz et al., 2022). 
 

Narrow focus from the airline perspective 
 
The aviation industry's primary focus is on flight-related activities, and this also extends to 
discussions about environmentally sustainable aviation. It's commonly understood that a significant 
portion of environmental impacts in aviation arises from emissions during flight (Norton & Norton, 



 

 

2014). As a result, impacts from other aspects of the aviation ecosystem may not always be 
considered related, or various stakeholders may only discuss the environmental impacts that are 
directly associated with their operations. However, it's essential to recognize that the entire aviation 
ecosystem plays a role in flight-related sustainability, and these aspects should be included in 
discussions and calculations. 
 
Research has been conducted extensively on flight time emissions and the airline's perspective 
(Efthymiou & Papatheodorou, 2019). However, there isn't a standardized approach for defining 
system boundaries to determine the extent of the value chain that should be considered beyond the 
flight itself. 
 
Airlines typically report their carbon footprints in accordance with ISO standards. Since the standard 
allows reporting entities to choose which actions or operations to include in their calculations, 
airlines often focus on emissions that are directly attributable to the airline as a company. This 
typically encompasses flight-time CO2 emissions and, in some cases, emissions related to real estate, 
such as building heating. However, actions performed by subcontractors or other stakeholders are 
often not extensively discussed or included in these calculations. 
  

Incompleteness of CORSIA 
 
CORSIA, developed by ICAO (IATA, 2019), aims to standardize the reporting and calculation of CO2 
emissions in the aviation industry. However, the scheme has several shortcomings that pose 
challenges (Mai, 2021; Scheelhaase et al., 2018; Wozny et al., 2022). These challenges are outlined in 
Table 4. 
 
Table 4. CORSIA-related challenges and the explanations 
 

Challenge Issue 

The program focuses only on the flight time 
CO2 emissions. 

The ecosystem's CO2 emissions and the 
ecosystem effect are not considered. 

Aviation ecosystem impacts are not covered. The aviation ecosystem is creating emissions 
that would not be created without the flights. 

The program is voluntary. The best and most consistent results are gained 
if all the flights are covered. 

The program omits the less developed 
countries. 

Environmental impact is global; the 
involvement of all the countries is needed.  

The program omits all the other emissions 
besides the CO2. 

Aircraft jet emissions also include other gases 
like ozone (O3), nitrous oxide (N2O), methane 
(CH4), sulfur oxides (SOX), and water vapor. 

The program has a strong focus on offsetting.  These are focusing mostly on carbon sink-
related solutions, which are much less 
expensive that finding sustainable solutions 
from aviation. 

The reduction targets are set for future growth; 
the targets are compared to a baseline that was 
set in the year 2019. 

The industry has always exhibited a growth 
trend; using a baseline from earlier years would 
make the target more ambitious. 

The program does not support the 
development of sustainable aviation solutions. 

Sustainable aviation fuels and electric aviation 
are expected to have the biggest impact in 
achieving net-zero targets. 

 
CORSIA has potential; however, it needs further development to achieve the targeted impact. 



 

 

 

Non-aligned formal environmental targets in the aviation ecosystem 
 
All stakeholders within the aviation ecosystem have established their own environmental targets. In 
cases where applicable trade organizations are involved, they often define targets and guidelines 
(ACI, 2021d; CANSO, 2022; IATA, 2019). While many of these targets overlap with those of other 
stakeholders, there is no coordination to establish a common set of goals. Consequently, some 
potential targets within the ecosystem may have been overlooked. 
 

Independent business silos 
 
In the aviation ecosystem, despite the interconnectedness of stakeholders, they remain separate 
entities, including companies, authorities, and organizations (The Business Times, 2017). They often 
lack common strategies, targets, goals, or metrics, and interactions among them are limited. These 
entities conduct their operations independently, even though they may have business relationships 
with each other. 
 
The aviation industry is known for its financial challenges, and companies within the ecosystem 
prioritize financial sustainability. Supporting each other with common financial goals is infrequent 
due to the competitive nature of the industry. 
 
Moreover, these companies and organizations in the aviation ecosystem do not share common 
sustainability objectives. Each entity reports its environmental sustainability strategies and actions 
independently. CORSIA is the sole official CO2 reduction scheme in the industry, but it does not 
account for ecosystem-wide effects, resulting in a lack of common environmental goals. 
 
The only formal aspect that brings these entities together in terms of environmental sustainability is 
adherence to ISO standards for environmental reporting. However, because companies can 
independently define their reporting boundaries, there is no standardized method for environmental 
reporting in the aviation industry. 
 

Limited data sharing 
 
Legal company or organizational boundaries often hinder data sharing within the aviation 
ecosystem. Many airlines are publicly listed companies, which means sharing classified information 
is not a viable option. Additionally, the use of digital technologies and processes has introduced new 
challenges related to data confidentiality, integrity, and availability due to cyber vulnerabilities (da 
Silva & Silva, 2021). 
 
In the realm of passenger travel, passengers enter into agreements with airlines through tickets for 
their journeys. Airlines have numerous legal obligations to passengers, which contributes to their 
reluctance to share data. However, passenger data could be valuable for airports in terms of service 
and operations planning. 
 
Due to various legal, regulatory, or security constraints, stakeholders within the aviation ecosystem 
have limited data-sharing practices. The data that is shared typically pertains directly to operational 
or safety-related matters and does not contain business or personal information. 
 
This restricted data sharing can impede collaborative efforts and initiatives aimed at improving 
environmentally significant processes in environmental reporting. 
 



 

 

Cost intensiveness 
 
Aviation is a capital-intensive industry with high operational costs and a susceptibility to rapid 
market changes. The COVID-19 pandemic had a significant impact on the aviation industry, leading 
to substantial financial losses for many companies (Gole et al., 2021; IATA, 2022a). Additionally, fuel 
costs have risen sharply in recent times. 
 
Given these factors, the aviation industry often sets ambitious economic targets, especially because 
many companies within the industry are large and publicly listed. During periods of volatility, such as 
the aftermath of the pandemic, the aviation sector tends to prioritize cost-saving measures, which 
can sometimes affect sustainability initiatives, particularly those related to expensive sustainable 
aviation fuels. It may be in the companies' interest to postpone or scale back environmental actions 
if it helps improve their financial stability. 
 

Inadequate toolset for public acceptance 
 
Passengers and air cargo shippers are increasingly conscious of the environmental impacts of 
aviation (Gössling & Lyle, 2021). In response, airlines are actively promoting their sustainability 
initiatives through traditional and social media to gain public acceptance. 
 
Airlines have introduced programs and incentives that allow passengers and air cargo shippers to 
offset their flight-time CO2 emissions (IATA, 2022b; Xu et al., 2022). While this benefits airlines by 
showcasing their commitment to environmental sustainability, it also reduces the need for their 
direct investments in sustainability measures. However, there is currently no guarantee that the 
funds collected from passengers for these offset programs will be exclusively used for sustainable 
aviation fuels or other initiatives aimed at enhancing the aviation industry's environmental 
sustainability. Additionally, such programs are voluntary, and not all passengers participate, leading 
to unequal contributions. 
 
The most efficient way for airlines to reduce flight-time CO2 emissions would be to use sustainable 
aviation fuel on every flight, with any increased fuel costs being incorporated into ticket prices for 
passengers or air freight charges (Xu et al., 2022). Whether passengers and shippers would continue 
to fly or use air cargo services as before or whether this approach would impact airlines' profitability 
remains to be seen. 
 

Conclusions and discussion 
The challenges discussed in this article span across the aviation ecosystem and are interconnected 
among various stakeholders. Table 5 presents a summary of these challenges along with key 
characteristics. 
 
Table 5. Summary of the challenges and the key characteristics in the environmentally sustainable 
aviation ecosystem 
 

Challenge Key Characteristics 

Global industry but local 
laws 

Aviation is a global industry, yet international aviation regulations 
are implemented as national laws. Interpretations and areas of 
interest might vary. 

Reporting inconsistencies 
in the environmental 
impact of an international 
flight 

A long-haul flight enters several air spaces during the span of the 
flight. Several stakeholders may report the environmental impacts, 
or some impacts may not be reported at all. 



 

 

Non-comparable system 
boundaries in the 
corporate reporting 

Companies have the freedom to define their own system 
boundaries for their environmental reporting. There is no guarantee 
that the selected system boundaries reflect the actual 
environmental impacts. 

Immaturity of sustainable 
solutions 

Sustainable aviation fuels are plagued by price and availability 
challenges. Many other sustainable energy sources for flying are still 
commercially immature. Electric-powered flights are also 
commercially in their infancy. 

Narrow focus from the 
airline perspective 

The aviation industry is mainly understood by the airlines. The 
holistic understanding of aviation ecosystem effects needs 
emphasizing. 

Incompleteness of CORSIA The carbon offsetting scheme for the aviation industry omits certain 
impacts and stakeholders. The implementation of the system is also 
voluntary. 

Non-aligned formal 
environmental targets in 
the aviation ecosystem 

Various stakeholders in the aviation ecosystem have their own 
official environmental targets, but these targets are not aligned. 
There are overlapping targets with no common reporting policies. 

Independent business silos Companies in the aviation ecosystem often engage in business 
relationships with each other. In some cases, the business goals can 
override the potential cooperation. 

Limited data sharing Regulatory and business reasons the companies in the aviation 
ecosystem limit their data sharing. This also limits the potential 
cooperation. 

Cost intensiveness Aviation is a very competitive industry, and companies are 
particularly cost-sensitive in the aftermath of the COVID-19 
pandemic. If environmental actions cause costs, the willingness to 
take those actions might be challenged. 

Inadequate toolset for 
public acceptance 

The passengers and the cargo shippers are very aware of the 
environmental challenges of aviation. The increased costs will 
eventually be passed on to service prices, but the mechanism is still 
unsettled. The price sensitivity associated with the environmental 
costs remains unclear.  

 
The flight time CO2 emissions constitute the most significant source of climate impact in aviation. As 
a result, airlines are the most significant stakeholders in the environmentally sustainable aviation 
ecosystem. Any changes airlines make to their fuel type, aircraft engine type, flight routings, or flight 
time operating patterns can have a significant impact on the environmental sustainability of the 
airline and, by extension, the entire aviation industry. However, airline decisions are not always 
made in isolation. 
 
The aviation ecosystem is vast, and the importance of various stakeholders may vary depending on 
the situation. Nevertheless, the most crucial stakeholders regarding flight time operations and 
environmental impact are airlines, airports, ground handling companies, air navigation service 
providers, and aviation authorities. 
 
To maximize environmental sustainability results concerning flight time CO2 emissions, airlines and 
other key stakeholders in the aviation ecosystem need to establish a closer relationship with 
common targets, aligned action plans, and shared metrics. While each stakeholder currently 
develops its own environmental sustainability strategy and plan independently, achieving the 
maximum common benefits requires better alignment through regulation. 
 



 

 

Another essential factor is expanding the scope of reporting on flight time environmental impacts in 
aviation. In addition to company-level environmental reporting, similar reporting should be 
conducted for the entire ecosystem. This could help reduce duplication in reporting efforts. 
However, achieving this would necessitate improved regulation to define and measure common 
environmental impacts, ultimately supporting the industry in analyzing and developing climate 
actions more comprehensively and realistically.  
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